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by Christopher Paul Bailey 
 
The field of adaptive hypermedia is a little over a decade old. It has a rich history 
in a range of fields such as artificial intelligence, user modelling, intelligent tutoring 
systems and hypertext. Early adaptive hypermedia work concentrated on application-
led research; developing a range of systems for specific purposes. In 1996, Peter 
Brusilovsky reviewed the state-of-the-art and proposed a taxonomy of adaptive 
hypermedia techniques, thereby providing the means to categorise adaptive hypermedia 
systems. Since then, several practical frameworks for adaptive hypermedia applications 
have been produced, in addition to formal models for formalising adaptive hypermedia 
applications. 
 
This thesis presents a new framework for adaptive hypermedia systems based on 
agent technology, a field of research largely ignored within the adaptive community. 
Conceptually, this framework occupies a middle ground between the formal reference 
models for adaptive hypermedia and application-specific frameworks. This framework 
provides the means to implement formal models using variety of architectural 
approaches. 
 
Three novel adaptive hypermedia applications have been developed around this 
agent-based framework. Each system employs different architectural structures, they 
model the user with a variety of profiling techniques, and each provides a different set 
of adaptive features. The diversity of these three systems emphasises the flexibility and 
functionality of this proposed agent-based framework.   viii 
Figure   8-3. The HA
3L Architecture............................................................................. 107 
Figure   8-4. A HA
3L screenshot................................................................................... 109 
Figure   8-5. A structural perspective on Brusilovsky’s taxonomy............................... 113 
Figure   8-6. Roles of AHAM components within the Agent Framework.................... 116 
Figure   8-7. Example of FOHM behaviour for storing pre-requisite information ....... 120 
Figure   9-1. The Web Service Architecture.................................................................. 129 
Figure   9-2. Tim Berners-Lee's Semantic Web cake.................................................... 132   3 
hypermedia research dealt with the separation of link structures from the contents of 
documents, while more recent work has been spent developing models for expressing a 
wide variety of hypertext systems.  
 
The effort of researchers at Southampton University has led to the development 
of the Southampton Framework for Agent Research (SoFAR). SoFAR is an agent 
framework that promotes resource discovery, ontology-based conversation and 
knowledge modelling. Using this platform, an implementation-oriented framework for 
producing AHS has been developed as part of this thesis. The Agent-Based framework 
for Adaptive Hypermedia (ABAH) offers flexible solutions to developing adaptive 
hypermedia and adaptive web-based applications and can be used in conjunction with 
existing models of adaptive hypermedia. This framework conceptualizes the key 
components within all AHS and specifies agent roles for each of them. This, in addition 
to explicit knowledge models and methods of user interaction, forms a framework with 
which is it possible to implement any adaptive hypermedia or web-based system. 
 
This thesis documents the production of three unique agent-based AHS, which 
combine agent technology with several open hypermedia techniques to provide AH. 
These applications demonstrate both the validity of using agent approaches in 
developing AHS and the benefits open hypermedia research can bring to the domain of 
adaptive hypermedia systems. 
1.2  Contributions 
This thesis documents several key contributions made to the field of adaptive 
hypermedia. 
 
Primarily, the proposed agent framework is the first of its kind. It represents the 
first use of an agent-based framework for developing adaptive hypermedia applications. 
The framework also represents the first general all-purpose framework for adaptive 
hypermedia. While models have been developed for expressing the functionality of 
adaptive hypermedia applications, and several frameworks exist for implementing 
specific classes of adaptive hypermedia applications, ABAH lies between these 
approaches, providing a way to implement theoretical models without being limited to 
a specific type of adaptive hypermedia domain. It is also the first framework to cover   4 
the wide variety of both hypertext and web-based adaptive systems, supporting all 
types of existing AHS while the agent grounding facilitates rapid system development 
and brings new features to the adaptive applications. 
 
The second contribution this work makes to the adaptive hypermedia field is the 
introduction of two different models of context used to provide adaptive functionality. 
The first method uses existing machine learning and information retrieval techniques to 
form spatial models of the user’s situation and match these up against a set of 
linkbases. The second approach to context originated from open hypermedia research 
into interoperability standards and is implemented within the contextual link server 
Auld Linky. This second method highlights the applicability of open hypermedia 
techniques bringing new perspectives, approaches and methodologies to existing AH 
development. 
 
In addition to these claims, this work also contains the first example of an agent-
based link service to provide adaptive hypermedia, and uses experience gained from 
working with open hypermedia principles to reflect on critical aspects of existing 
adaptive research.  
1.3  Document Structure 
This thesis describes the process of developing an Agent-Based Adaptive 
Hypermedia framework (ABAH). While early chapters document existing research and 
the initial work of the author in this field, later chapters are concerned with the design, 
evaluation and discussion of ABAH. 
 
Chapter 2 presents the field of adaptive hypermedia and examines its history and 
development from the author’s perspective. The various techniques of adaptive 
hypermedia are documented alongside a selection of example systems and, in prelude 
to ABAH, an examination of existing frameworks for adaptive hypermedia. 
 
Chapter 3 presents the field of open hypermedia, a topic that arose from hypertext 
research at the end of the 1980’s. Unlike the application led AH field, open hypermedia 
research looks into the issues concerning existing hypermedia systems. This work has 
resulted in the development of link services, produced new ways of expressing   5 
hypermedia systems and examined methods of increasing interoperability between 
hypertext systems.  
  
Chapter 4 describes the diverse field of software agents; another influencing 
factor in this thesis. Originating from work in artificial intelligence, agent-based 
computing extends existing object-oriented paradigms to present new approaches to 
developing distributed systems. Agent-based computing attracts many diverse opinions, 
this chapter describes some of the them, including the problems and benefits associated 
with agent-based research. 
 
Chapter 5 presents an overview of recommender systems; an independent 
research field that incorporates many of the techniques found within adaptive 
hypermedia, but differs in its heavy reliance on agent technology. These first 4 chapters 
complete the overview and background research sections of this thesis.  
 
Chapter 6 documents the author’s early work in building AHS using agents. 
These systems incorporate principles from the open hypermedia field to power adaptive 
hypermedia applications. PAADS and ALIC are two agent-based systems developed by 
the author which use various techniques to capture and maintain user models and 
provide link augmentation by matching user profiles to link databases. Integral to both 
systems is the concept of link services; an open hypermedia approach to creating and 
maintaining independent sets of links. 
  
Chapter 7 details the development of ABAH, an agent-based framework for 
adaptive hypermedia applications. The early sections state the need for a new 
framework and identify the core components of existing AHS. Agent roles are then 
assigned to these components before being combined to form the ABAH framework. 
This chapter concludes with an analysis of some of the advantages that this framework 
provides, such as a new definition for adaptive web-based systems, a flexible approach 
to system development and an open architecture for future agent-based AHS. 
 
Chapter 8 evaluates ABAH with the development of HA
3L, an adaptive web site 
that incorporates an open hypermedia contextual link server into the ABAH framework 
to provide several forms of adaptation. This is followed by a discussion of the role   6 
ABAH would take in implementing systems expressed in the formal adaptive 
hypermedia model AHAM, and how it could be used to realise an existing classical 
adaptive hypermedia application such as INTERBOOK. The chapter finishes with a 
critical look at situations where a framework such as ABAH would be unnecessary or 
impede system development. 
 
Chapter 9 concludes the thesis, summarising this work and reflecting on ABAH, 
its advantages, disadvantages and implications for future AH system designers. This 
chapter also presents some of the possible areas of future work, in terms of extending 
ABAH in the short-term, and a look towards future for the World Wide Web and the 
role agents and adaptive hypermedia will have in its development. 
1.4  Declaration 
This thesis describes the research undertaken by the author while working within 
a collaborative research environment. This report documents the original work of the 
author except in the following sections. Section   6.4 incorporates the TFIDF algorithm 
developed by Samhaa El-Beltagy for the QuIC project (supported by EPSRC grant 
GR/M77086). Section   8.2 describes the involvement of Auld Linky, a contextual link 
server produced in conjunction with the EQUATOR project by the researchers David 
Millard, Danius Michaelides and Mark Weal (supported by the EPSRC grant 
GR/N15986/01). Section   8.2.5 presents a discussion on the reflections of using FOHM 
to support adaptive techniques. The discussion was assisted by David Millard and Mark 
Weal. 
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based on their user model (Figure   2-3). Pages that offer no new information are marked 
as nothing-new (white), pages with the pre-requisite condition met are labelled as 
‘ready-to-be-learned’ (green) and pages that fail any pre-requisite conditions are 
labelled as ‘not-ready-to-be-learned’ (red). Visited pages have a check mark placed 
next to them. This allows the user to visually gauge a link’s condition and then make a 
more informed choice as to which page to visit next. 
 
In addition to this adaptation, INTERBOOK also provides several other features 
to the user. The system provides direct guidance in the form of a ‘Teach me’ button by 
applying a set of heuristics to automatically choose the most suitable node from those 
ready to be learned. There is a ‘Help’ button which provides adaptively-sorted links to 
sections that present information about background concepts of the current section. 
INTERBOOK also supports a glossary index of concepts. Links to glossary items are 
generated automatically by INTERBOOK, and each glossary item contains a set of 
links back to pages describing that concept.  
 
 
Figure   2-3. An example of adaptive link annotation in INTERBOOK 
 
INTERBOOK is implemented using a set of CGI scripts and provides authoring 
tools in the form of Microsoft Word templates, which allow authors to convert their 
existing documents into a form that INTERBOOK can adapt. 
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AHS can use. Currently AHAM proposes the only standard for such large-scale 
interoperability, although only AHA! has adopted AHAM’s approach. 
2.9  Summary 
This chapter has introduced the field of adaptive hypermedia, examining the 
history, terminology and technologies of the field. As the numbers of adaptive 
hypermedia applications continue to expand and diverge, researchers are starting to 
examine formal models and practical frameworks for developing AH. This chapter has 
also investigated these approaches. 
 
The next chapter focuses on open hypermedia research, an area like adaptive 
hypermedia that has evolved from hypertext research in the late 1980’s. While adaptive 
hypermedia research employed traditional engineering approaches to developing and 
producing adaptive hypertext, the open hypermedia community took a step back and 
examined ways of improving hypertext environments and attempted to define standards 
for increasing the interoperability between systems.   46 
to associate different media representations of the same information, such as text, audio 
or video, or collect together different methods of teaching the same information. In this 
instance, context objects are used to specify the media type. Users in an ‘audio’ context 
would only receive the audio fragment. 
 
With the features and structures present in FOHM and implemented in Auld 
Linky it should be possible to model many adaptive hypermedia applications. For 
example, there is a similarity between the context culling mechanisms employed in 
Auld Linky for returning context-matching FOHM structures and the conditional if-
then-else rules used in AHA! (Section   2.6.2). AHA! allows information fragments to be 
included or excluded depending on keywords in the user model. To support adaptive 
hypermedia, FOHM’s behaviour objects can be used as a mechanism for updating the 
user model by providing keywords, attached by on-display events. This specifies that 
the user has learnt a new concept when they view a new data item. This keyword 
knowledge, which is stored in the user model, can then be fed back into subsequent 
FOHM queries by attaching context modifiers specifying the new state of the user. This 
process is shown in Figure   3-8. 
 
Auld Linky
Client User
Model
FOHM Query
+ Context
FOHM
Response +
Behaviour
Behaviour keyword values are
stored in a user model and
then used to create Context
objects
 
Figure   3-8. The process of User Modelling in Auld Linky 
3.5  Summary 
Open hypermedia research has changed quite significantly since its conception. 
This is partly due to the web’s increasing popularity as the hypertext environment of   47 
choice by the masses, in spite of the many advanced features build into most OHS. 
Recent research has concentrated on developing protocols for increasing 
interoperability between open hypermedia systems, as well as models for expressing 
the domains of hypertext. This chapter has presented an overview of this work, 
focusing in depth on the more recent work with the Fundamental Open Hypermedia 
Model, and contextual link server; Auld Linky. 
 
The next chapter examines the field of software agents, a popular and widely 
supported field which has seen much growth over the last decade.   57 
delivery mechanism within an abstract agent class from which all other agents are 
derived. This provides a layer of abstraction between the low-level communications 
infrastructure and the high-level XML-based agent description format SoFAR uses to 
define each agent. 
 
With these services, SoFAR provides all the necessary infrastructure needed to 
rapidly develop autonomous, proactive and socially aware agents. 
4.7  Summary 
This chapter has presented a background to agent-based technology, examining 
the definitions, features and properties of agents, and looking at the recent efforts in 
defining standards for agent-based system interoperability. In light of the numerous 
number of agents frameworks available, three different frameworks have been 
examined in detail. Although each approach provides various advanced features, the 
review has shown that at their most basic level each framework enable developers to 
produce agent systems with the same fundamental properties. 
 
The next chapter examines the field of recommender systems, one example of a 
research field which has successfully embraced agent technology. 
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formed based on human perception and an not simply the ‘dry’ machine processing 
algorithms. Users will rates pages based on their presentation and comprehension as 
well as their content thereby reducing badly composed or presented documents. 
Together these features, in addition to the underlying collection/selection model, help 
FAB to “scale gracefully as the number of users and documents rise” (Balabanović & 
Shoham, 1997). 
5.4  Summary 
Due to their frequent reliance on agent technology and the close similarity with 
the field of adaptive hypermedia, this chapter has provided an overview of the work 
undertaken by the recommender system community. This includes a look at the types 
of recommender systems that exist, how they relate to adaptive hypermedia techniques 
and practices, and also providing several examples of work in this field. 
 
Having covered the relevant research fields, topics, issues and history behind the 
work documented in this thesis, the next chapter will describe the early steps towards 
developing an agent-based framework for adaptive hypermedia. These initial systems 
extended and combined some of the ideas from the adaptive hypermedia, open 
hypermedia, recommender system and agent research areas.   78 
interface agent and assigns it to a cluster. It does this by computing the similarity 
between the current document vector and each existing cluster with a cosine similarity 
function. The document vector is then added to the cluster with the highest match. If no 
clusters match the vector, or if the highest cluster match is below a given threshold 
value, then a new cluster is created with the initial values obtained from the document 
vector and the system assumes the user has moved onto a new context. Once a new 
context is identified, the user model agent informs the interface agent which in turn 
composes a request to the adaptation agent. The adaptation agent maintains a set of 
linkbases related to various subjects. At the request of the interface agent, the 
adaptation agent compares the new cluster formed by the user model agent with each 
linkbase. Keywords from the cluster are matched against the keywords for each link in 
each linkbase. The linkbase with the highest number of matches above a certain 
threshold becomes activated and its links are returned to the interface agent who in turn 
passes them onto the client-side application, shown in Figure   6-5. 
 
 
Figure   6-5. Screenshot of the ALIC client-side application 
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XML
Music
The set of
available
linkbases
(managed by the
adaptation agent)
A page viewed from an 'XML' context
The same page viewed from a 'Music' context  
Figure   6-6. Example of how a page appears when a different linkbases are activated 
 
This method of augmenting the page with contextual links is only as successful as 
the quality of the links and linkbases managed by the adaptation engine. As with 
PAADS, each linkbase was carefully constructed manually to contain links pertaining 
to web sites with useful information about a particular subject. This reliance on the 
quality of links is a major concern to any adaptive hypermedia system employing 
linkbases as a source of adaptation. If this system were to be extended, an obvious area 
of future work would be the generation of linkbases using ‘intelligent’ resource 
gathering agents or more simple web crawlers; software algorithms that autonomously 
analyse large numbers of web pages. Such techniques are already being used, for 
example in Portal Maximizer (Active Navigation, 2002), the commercial product that 
evolved from the DLS (Section   3.2.4).   81 
6.5  Reflections on PAADS and ALIC 
Experiences with PAADS and ALIC produced a wealth of ideas for the future 
direction of this work. While PAADS was the first agent-based adaptive hypermedia 
system incorporating a link service, ALIC extended these concepts, taking context 
algorithms developed for QuIC and applying them to the domain of adaptive 
hypermedia. 
 
The influence of open hypermedia concepts, specifically linking technology, on 
both systems indicates the potential for crossover between the fields of open 
hypermedia and adaptive hypermedia. Linkbase technology is only one aspect of open 
hypermedia which can be applied to adaptive hypermedia.   Chapter 8 will continue to 
explore the relationship between the two fields by introducing the more recent work on 
open hypermedia models into adaptive hypermedia. 
 
One of the primary similarities between the two systems is that they are both built 
using agent technology. Moreover, the structure and functions of many of the agents 
are very similar in nature. These agents have been used to implement two different 
architectural paradigms. In PAADS, a server-side approach has been taken, while 
ALIC opts for a hybrid approach, which combines aspects from classical server-side 
and client-side methodologies. This combination of approaches demonstrates the 
diversity that using an agent architecture can bring to programmers and system 
developers. 
6.6  Summary 
This chapter has followed the development of two adaptive hypermedia systems, 
PAADS and ALIC. These systems have many novel and interesting features that have 
been detailed, however the chapter primarily provides the foundation towards 
developing an agent-based framework to support adaptive hypermedia and adaptive 
web-based systems. These systems demonstrate the application of agents in building 
AHS. Agents provide rapid application development within a reliable environment and 
aid future development by providing self-contained reusable components. 
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The next chapter presents a novel agent-based framework which can be used to 
implement a wide range of adaptive applications (both hypermedia and web-based). 
This framework is geared towards providing a middle ground between the formal 
AHAM model and the other implementation-oriented frameworks.    89 
hyperbook designers. The difference between these two approaches is that courseware 
systems use some form of online skills testing, such as multiple choice questions or 
programming problems as an aid to user modelling. In contrast to all three approaches, 
the high-level formal nature of the Adaptive Hypermedia Application Model (AHAM) 
and XML Adaptive Hypermedia Model (XAHM) do not refer to any particular domain. 
As a result, if a system has been specified in AHAM it can easily be compared to other 
AHAM-specified systems but it is no closer to actually being implemented except that 
now programmers have a clear idea of how each component operates and interacts. 
 
Another issue concerns the existing set of implementation-oriented frameworks 
that are too closely tied to their application domains. This results in an additional effort 
needed to re-implement systems when transferring to a new domain. Systems that offer 
layers of abstraction on top of the raw information in the domain provide flexibility not 
just to the application area, but also to the adaptive techniques and architectural 
implementation used. Abstraction also allows far greater interoperability between 
systems, provided a common language has been formally agreed upon. This problem of 
system interoperability has been examined in Section   2.8.3. 
 
One of the advantages of a generic framework is its ability to express and 
implement a wide range of adaptive hypermedia and adaptive web-based systems. This 
includes the architectural designs described in Section   7.2.2. Of all the systems 
discussed, the nearest contender to this idealised framework would be AHAM. Unlike 
XHAM which enforces certain restrictions on system designers, such as the use of 
stereotyping, AHAM does not define any implementation specifics within the formal 
model thereby providing programmers with the freedom to use any number of methods 
they like to implement the system, providing it conforms to the AHAM-expressed 
version. However as yet there are no tools or techniques designed to aid AHAM system 
developers. 
7.3  Developing the Framework 
The first stage in developing ABAH involved identifying the major components 
of existing AH systems, models and frameworks. While developing the two earlier 
systems, PAADS and ALIC, one of the interesting similarities that was found between 
these two approaches, is that each agent in PAADS matches an ALIC agent that   101 
accessible to other applications via some form of globally agreed web service model 
(discussed in Section   9.3). External applications would then be allowed to request user 
model information from the user model agent (providing they supply the required 
authentication), ask the adaptation agent for domain specific information, or even send 
messages to the user via the interface agent. 
 
All of these features improve the openness of the framework, allowing both data 
and services to be accessed via external agents while formulating an environment that 
encourages competition and service negotiation between agents. 
7.6  Summary 
This chapter has presented the development of ABAH; the first agent-based 
framework for building adaptive hypermedia and adaptive web-based systems. The 
approach uses a set of three agents, each assigned the processing of a particular aspect 
of the system. It has been shown that by arranging these agents in various positions, the 
framework can support all current forms of AHS design; namely client, server and 
hybrid architectures. This chapter has also shown that using an agent approach to 
building AHS provides a range of additional benefits, from the flexibility of 
implementation, to helping produce an agent-based definition of adaptive web-based 
systems, and situating all this within an open environment that supports the outsourcing 
of data and services while promoting competition between agents. Following on from 
the development the ABAH, the next chapter evaluates this approach, using both 
implementation-based and theoretical studies to demonstrate and criticise some of the 
features of ABAH, and shows how it can be used in relation to formal models and 
existing systems.    113 
shown how many of the adaptive techniques coined by Brusilovsky have similar 
underlying structural representations. This is best explained with the use of Figure   8-5 
which demonstrates how the various FOHM objects can be used, individually or 
together, to implement each adaptive technique. 
 
 
Figure   8-5. A structural perspective on Brusilovsky’s taxonomy 
 
Each technique in the taxonomy is built up using the structures or resources 
required to implement that technique. For example, ‘Adaptation of modality’ would 
require multiple data fragments, each representing the same information but using 
different media types. Concept structures would then collect these fragments together 
and the AHS would choose the media fragment to present to the user based on user 
preferences. 
 
This diagram raises several important issues (labelled a-e in Figure   8-5) 
concerning the taxonomy that deserve further explanation. 
   114 
(a) The only visual change to the taxonomy from Brusilovsky’s 2001 original, 
involves duplicating ‘Direct Guidance’ as it appears this technique has two possible 
implementations. The first approach would use a tour of the information domain; the 
adaptive ‘next’ button would therefore point to the next appropriate destination on the 
tour. A second way of implementing direct guidance is to sort all available link 
destinations (requiring a weight on each link) and then select the first link, the one with 
the highest weight, as the next destination. Each approach has been given a separate 
representation on the diagram. 
 
(b) One of the philosophies behind open hypermedia modelling is a deliberate 
disregard for specific data formats and media types. This disregard for data types 
provides a new perspective on Brusilovsky’s taxonomy. It should be apparent that any 
of the ‘Adaptive text presentation’ techniques described in the taxonomy can be applied 
equally well to ‘Adaptive multimedia presentation’. To improve clarity on the diagram, 
both techniques could be combined and re-labelled ‘Adaptive Media Presentation’. 
 
(c) This perspective also questions the way that Natural Language (NL) 
Adaptation is located as a sub-branch of text adaptation. Because NL adaptation should 
not be limited to purely text-only media (for example, there is no reason why audio 
clips could not be use in place of text), a better alternative would position NL 
adaptation under a larger umbrella of ‘Adaptive Sequencing’, which might use canned 
or constructed information fragments. Another issue with NL adaptation is how it 
influences nearly every single technique in the taxonomy. Whenever fragments of 
information are stitched together, there is a need to conserve the progression of the 
narrative flow. In these situations, sequencing methods like NL techniques can be used 
to merge fragments together. This raises the issue of whether the inherent nature of NL 
techniques requires a specific label on the diagram. 
 
(d) The fourth issue raised by the diagram is the consideration that the various 
subcategories of ‘Adaptive link hiding’; hiding, disabling and removal, are all 
structurally equivalent. This means that a system using navigational link objects to 
implement one adaptive link hiding method has all the features needed to implement 
any of the other adaptive link techniques. While link hiding and disabling can easily be 
accomplished by modifying style sheets, link removal requires specific client support.   118 
hypermedia systems. The reliance on a hypertext model is also a limiting factor with 
the emergence of the semantic web and web services which will bring a much more 
dynamic nature to the information being adapted (see Section   9.3). Discovery of new 
services and the inference of new information is a difficult modelling task as the nature 
of the information is unknown at design time. While AHAM is sufficient to model the 
existing generation of AHS, it will need major modifications if it is to keep up with the 
continual evolution of adaptive web-based systems which are moving away from 
traditional hypertext models. 
 
When considering AHAM, it is also worth mentioning AHA! As an example of a 
specific instance of AHAM, AHA! provides a range of features for building adaptive 
web sites. As mentioned at the end of Section   3.4, there are several similarities between 
AHA! and the contextual link server Auld Linky. Both maintain (structured) 
information and depending on values in a user model they hide or show (cull) 
information before presenting it to the user. While on a functional level, both offer a 
very similar set of features, there are clear implementation differences between the two. 
While AHA! is a dedicated system for developing adaptive hypermedia applications, 
Auld Linky is a highly complex FOHM server. To emulate the features of AHA!, Auld 
Linky would require a specifically written client to store the user model data and 
perform the FOHM queries. Although the unnecessary complexity in Auld Linky might 
limit its desirability as a vehicle to emulate AHA!, it would make interesting further 
research to compare these two approaches; the adaptive hypermedia application 
development system, and the open hypermedia contextual FOHM server. 
8.4  Modelling INTERBOOK with ABAH 
ABAH can also be used to implement existing adaptive hypermedia systems. For 
example the classic INTERBOOK application has many similarities with the HA
3L 
system. Both are server-side systems and present a similar interface to the user with a 
main window, a glossary window and a spatial map of their location within the domain. 
They also both provide adaptive link annotation and different forms of direct guidance. 
Similar mechanisms for web-based interaction are employed by each system and they 
both use structured domain models for representing knowledge. However, their 
differences are equally apparent. HA
3L supports more adaptive techniques such as 
adaptation of modality and all forms of link hiding, while INTERBOOK stores concept   119 
pre-requisite information which leads to a more advanced user model. INTERBOOK 
tracks three states for each concept; learned, ready to be learned or not ready, this is 
compared to HA
3L’s binary, seen or not seen concepts. Both systems also adopt 
different learning styles. INTERBOOK’s domain model is structured around a book 
metaphor and provides exploratory learning of any of the units within the book. 
HA
3L’s trails are primarily a mechanism for directed learning with the user choosing 
which topic or trail to follow. 
 
To achieve an ABAH implementation of INTERBOOK, a similar architecture to 
HA
3L could be used. The major addition would be including pre-requisite relationship 
information between various concepts. To realize this, changes are needed in the 
FOHM structures, however the expressive nature of FOHM makes these changes easily 
implemented. While the approach in HA
3L was to store a depth indicator in the context 
field of each data fragment, this could be replaced with multiple pre-requisite fields 
indicating which data fragments a user would need to have read before being able to 
view the next one. Using this approach, if Auld Linky was queried for destinations 
from their current position given their viewing history, the server would only return 
those destinations that the user would be capable of understanding. However, currently 
INTERBOOK displays all locations and annotates those unadvisable for the user. An 
alternative approach that would more closely mimic INTERBOOK would be to locate 
the pre-requisite information in the behaviour values of data items, as demonstrated in 
Figure   8-7. Instead of being culled by Auld Linky, the server would return all possible 
destinations and then the interface agent could annotate those fragments where the 
behaviour value does not match the user’s concept model.   121 
mechanism for producing and marking tests, there is little reason why ABAH could not 
be used to implement systems of a similar nature to ELM-ART.  
 
While ABAH might offer solutions to developers who need to implement a 
system designed using a theoretical model, or need to choose an implementation that 
provides a high level of flexibility, it should not be offered as a global solution to solve 
all problems. There are instances where ABAH would provide an over-engineered 
solution to a problem. One of conditions that ABAH enforces on an application is a 
high level of communication between components. While this might be perfectly 
acceptable for many applications, it could impose unnecessary overheads on smaller 
systems where a better solution would be to combine the agents and write a single 
program. This would simplify many aspects of the system but there is a danger that 
programs become monolithic, obfuscated and difficult to upgrade.  
 
The decision to use an agent architecture introduces its own set of disadvantages 
for system designers. These disadvantages are not limited to ABAH and apply to any 
system built with such a technology. Aside from the unpredictability of agents 
(Wagner, 2000) mentioned in Section   4.3, another problem with agent systems is the 
large overhead imposed by the agent environment within which the agents execute. 
These environments consume resources and impose large installation and setup costs. 
An analogy would be with the Java virtual machine. Although large-scale applications 
can be written in Java, the trade-off for cross-platform support has meant that a virtual 
machine imposes overheads as it interprets each line of [byte] code, and this causes the 
slower execution speed when compared to non-interpreted languages such as C or C++ 
(Niemeyer & Peck, 1997). Although not all agents need to execute within an agent 
environment, a noticeable exception being JatLite as discussed in Section   4.6.1, most 
systems employ them to take full advantage of agent properties. Using agents might be 
acceptable on larger server-side implementations, however it is most likely to cause 
inconvenience with client-side adaptive hypermedia and web-based systems where 
small, simple, low cost applications are desirable. For example, the approach in 
PAADS where agents run on users’ machines is unlikely to win favour with real users 
due to the large installation, setup and running costs of the SoFAR framework. 
However it is worth noting that the development of hardware (and in turn software) 
continues to follow Moore’s Law (Moore, 1965) and as such, it is likely that overheads   122 
such as these will have less impact on the decision to use agent frameworks in the 
future. 
 
Another impedance to choosing ABAH is the current state of agent research. 
Typically the field of agents has long been the place of debate about the definitions, 
applications and approaches to developing agents (Wooldridge & Jennings, 
1995)(Nwana, 1996). Deciding to use agents in a system is largely a matter of faith, as 
assumptions have to be made that the chosen agent framework will persist over time 
and that developers can continue to receive technical support. While the field of agent 
research has many tens of agent frameworks in development, it has equal numbers of 
abandoned and outdated frameworks. It is hoped that standards like KQML and FIPA 
can help alleviate some of these concerns with new standards for communication and 
interoperation. Although the future is undecided, it is clear that agent research has yet 
to come to fruition.  
8.6  Summary 
The choice to use ABAH as the foundation for building agent-based AHS will 
ultimately be a personal one for the developer. HA
3L provides an example of how 
ABAH can be used to rapidly produce adaptive hypermedia applications. Like PAADS 
and ALIC before it, ABAH demonstrates unique agent approaches to creating a variety 
of adaptive applications. The theoretical sections of this chapter have examined 
techniques for using ABAH to realise AHAM models, and discussed some of the 
limitations of the AHAM approach in general. There has also been a look at how 
ABAH can be used to implement existing AHS, such as INTERBOOK. The 
penultimate section of this chapter has talked about the disadvantages of using ABAH, 
including situations where a framework such as ABAH would be unnecessary, and the 
difficulties of committing to agent technology. 
 
The following final chapter concludes with a summary of the work in this thesis 
and presents the possible future directions for extending the ABAH framework.    131 
and that a company has certain characteristics such as a share price, set of products, a 
CEO, a headquarters etc. would revolutionise the existing web experience. Search 
engines would be able to gain an understanding about the query, and respond, not only 
with a set of pages, but also with a set of services and related information. A query 
about a product could provide links to local shops selling the item, information about 
the company that owns the product, such as their share price, a feature comparison 
chart for the top models, or even a list of the best deals online. The semantic web would 
bring customers and companies closer, allow the inference of new information and 
provide new formats for the interchange of information between people, corporations 
and entire countries.  
 
In such an environment, adaptive web-based systems become a large component 
of web interaction. The semantic web provides metadata and structure to information 
on a large scale, and applications that process this knowledge will do so based on the 
requirements of users. One of the problems associated with current client-side adaptive 
hypermedia systems is in moving away from the information domain, systems loose 
their association with the domain structure, thereby limiting the possible adaptive 
techniques offered. In the semantic web world, the structure and metadata attached to 
information is easily assessable and analysable by applications which allows them to 
personalised the content of this information. Structured information will encourage 
more applications to become adaptive and allow existing adaptive hypermedia systems 
to provide a much greater range of adaptive techniques and services then they currently 
offer. 
 
The current proposed architecture of the semantic web features a multi-layer 
model resting on an underling XML data format with RDF, ontologies, logic, trust and 
proof constituting the higher levels. This architecture is shown in Figure   9-2. 
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Figure   9-2. Tim Berners-Lee's Semantic Web cake 
 
To complete this picture of the semantic web, agents are required to operate at the 
highest level of the model. The agents of the semantic web will formulate networks of 
trust between other agents, reason about existing knowledge, infer new information and 
use ontologies to facilitate this understanding. Agents have an essential role within the 
semantic web and this vision will ensure their development for the foreseeable future. 
 
Whatever the future may bring, it is clear is that there is an increasing need for 
adaptation within programs. We have moved away from simple text interfaces and 
demand much more interaction from our applications. The need for personalisation, 
adaptable and adaptive web-based systems will continue to grow as the web expands. 
Agents that manipulate this information will hopefully provide the first step, and 
although the idea of real intelligent systems is still a distant dream, our continued and 
increasing interaction with digital devices will fuel the demand for further levels of 
adaptability for a long while to come. 
 